Current Mathematics Curriculum concerns are focused on students' needs to think mathematically rather than just mathematical computation. Students should be able to develop more complex, abstract, and powerful mathematical structures. This can dramatically enable them to solve a broad variety of meaningful problems. Furthermore, students ought to become autonomous and self-motivated in their mathematical activities such as acquiring mathematical concepts, skills and problem solving; metacognitively aware of their mathematical thinking; highly motivated in mathematics learning and develop positive attitudes towards mathematical task. To achieve this learning goal, an investigation into efficient learning mode, the problem-based learning (PBL) was undertaken. PBL has been successfully applied in medical, engineering, economics, and accounting field but lack of evidence in mathematics field. This study examined possible outcomes of PBL among postgraduate students who were taking Educational Statistic course. Three statistic tests were employed to assess the students' performance in statistic learning. The Meta-cognitive Awareness Inventory (MAI), which comprises of 52 items was used to assess the students' meta-cognitive strategy in solving Educational Statistics problems. Students' motivation towards the PBL learning was measured by Keller's Motivational Design Questionnaire with 36 items. Comparison of students' performance based on three tests showed that there is significant diffrence between mean performance ( F [2,28] = 5.571, p < 0.05). In addition, results indicated that there is significant positive effects on students meta-cognitive awareness ( t [30] =3.358, p<0.05) and on students motivation level ( t [30] = 2.484, p<0.05) after undergoing PBL intervention.
Introduction
Nowadays Mathematics Curriculum concerns are focused on students' needs to think mathematically rather than just mathematical computation. Students should be able to develop more complex, abstract, and powerful mathematical structures. This can dramatically enable them to solve a broad variety of meaningful problems. Furthermore, students ought to become autonomous and self-motivated in their mathematical activities such as learning and problem solving. The other aim in mathematics learning is to enhance mathematical knowledge which includes mathematical concepts, skills, problem solving, meta-cognition, and attitudes. In 2000, the National Council of Teachers of Mathematics (NCTM) published its Principles and Standards for Mathematics. It recommended that all students should learn important mathematical concepts and processes with understanding and students must learn mathematics with understanding, actively building new knowledge from experience and prior knowledge (NCTM, p. 20) . Mathematics students should engage in more real-world problem solving, where situations are complex or ill structured. However, research in problem solving in mathematics is not recent but some past studies focused on a myriad aspect such as heuristics, instructional method, mental schemes and factors affecting word problem solving. Educational boards and councils are advocating instruction where students are actively constructing their ideas and collaboratively engaging in tasks that emphasize the connection of knowledge to the contexts of its application to reform the mathematics education (American Association for the Advancement of Science [AAAS], 1989; National Council of Teachers of Mathematics [NCTM], 1989) . Reform documents (AAAS, 1993; NCTM, 2000; National Research Council [NRC], 1996) emphasized the importance of understanding not only content but ways in which students engage them. There are numerous methods or techniques to improve mathematics learning process and achieve NCTM aims. Some of the pedagogical approaches for an effective mathematic teaching and learning are research-based teaching method which is problem-based learning (PBL) and project-based-learning.
Problem-based learning is one of the instructional strategies that is often used to help learners' enhance interactions and higher thinking, by using ill-structured problems that are highly relevant to a subject area, and employ a studentcentre approach. Typically, the problem is described as an ill-structured (or messy) problem, since it is open-ended and there is not solely one solution to the problem (Torp & Sage, 1998) . In this approach, learners are encouraged to engage with problems and to seek the knowledge needed to develop a possible solution for the main problem of scenario. Consequently, PBL is an instructional strategy that may effectively increase learners' motivation and retention of information as they actively use critical thinking skills to solve problems (Schwartz et al., 2001) . Problem-based learning is not a new concept of learning, but more and more learning institutes' showed interest and adopted this approach which stemmed primarily from Barrow's problem-based learning model.
Barrows developed the PBL approach for the medical school program at McMaster University in the early 1970s. He created scenarios where students could apply skills to a real-life problem-solving situation. Furthermore, problem-based learning gives learners the possibility of becoming active participants in the learning process and they could obtain meaningful connections between the content and the problem which is hidden in scenario. Moreover, problem-based learning may also offer opportunities for learners to engage in exploration of solving problems and developing critical thinking (Smith & Stock, 2003; Applebee, 2003) . Information-processing theory, cooperative learning, constructivist learning, and contextual learning theory provide theoretical framework for PBL.
PBL is a teaching method that provides social interaction, feedback, and problem-solving opportunities that theorists suggested to be useful in enhancing motivation and meta-cognition apart from enhancing learners' performance. In a study it was hypothesized that PBL would improve components of meta-cognition of occupational therapy student (Pederson & Lieu, 2003) . The literature indicated that meta-cognition can be divided into three components of meta-memory, meta-comprehension and self-regulation. Meta-cognition is typically defined as "one's thinking about thinking" (Fogarty, 1994) . Meta-cognition provides the awareness to control and affect one's behaviour. Flavell (1979) described meta-cognition as awareness of how one learns, awareness of when one does and does not understand, knowledge of how to use available information to achieve a goal; ability to judge the cognitive demands of a particular task, knowledge of what strategies to use for what purposes and assessment of one's progress both during and after performance. Meta-cognition is divided by Brown (1987) into two broad categories: (1) knowledge of cognition, like activities involving conscious reflection on ones cognitive abilities and activities; and (2) regulation of cognition, like activities regarding self-regulatory mechanisms during an ongoing attempt to learn or solve problems. In addition, these two forms of meta-cognition are closely related, each feeding on the other recursively, although they can be readily distinguishable. Meta-cognition includes knowing how to reflect and analyze thinking, how to draw conclusions from that analysis, and how to put what has been put into practice. In order to effectively solve problems, students really need to understand how their mind functions. In other words, they need to perceive how they perform important cognitive tasks such as remembering, thinking, learning and problem solving. Therefore, problem-based learning should produce significant meta-cognitive development in learners compared to non problem-based approaches, which do not always require the same reflective performance. In this study, the researchers examine three important components of meta-cognition namely, planning, self-regulation and evaluation.
Collaborative learning refers to methodologies and environments in which learners engage in a common task in which each individual depends on and is accountable to each other. Groups of students work together in search for understanding, meaning or solutions or in creating their learning. The approach is closely related to cooperative learning. Collaborative learning activities can include collaborative writing, group projects, and other activities.
Collaborative learning has been suggested as an excellent method of helping students to learning. The experience gives an opportunity to students in order to work together, develop the sense of teamwork and pride (Pewewardy, 2002; Reyes, 1991; Swisher, 1990) . Hakhoe Chi (2004) investigated the effect of PBL on meta-cognition of seventy-six nursing students. The results showed that PBL improved the participants' meta-cognition, meaning that PBL has a positive effect on nursing students' meta-cognitive awareness.
Generally, it means everyone in the group is working to achieve a mutual goal, and any reward or praise is shared as well. The collaboration provides avenue for individuals to indicate or test their abilities without the fear of failure or criticism, and on the other hand, we can see that they recommend some hints, and encourage each other for improving performance without judgment. Hence learners develop motivation towards learning without much anxiety. Such collaborative learning process supports the PBL mode of learning.
Methodology
The pretest-posttest control group design was employed. Meta-cognitive awareness measures were assessed using the Meta-cognitive Awareness Inventory (MAI) which comprises of 52 items and level of motivation towards learning PBL was assessed by using Keller' instrument (ARCS) which comprises of 36 items. MAI and ARCS were administered twice, that is, before and after PBL had taken place. Three sets of test was conducted: Test I may be regarded as pre-test, Test II as post-test I in which five weeks of PBL had taken place and lastly Test III which is another post-test in which four weeks of PBL learning took place. Paired sample t-test was conducted to test differences on meta-cognition awareness and level of motivation to identify the effects of PBL approach on these variables. Repeated measure (ANOVA) was employed to test the effects of PBL approach on students' performance at different point of time.
In this study, problem scenario, guided questions and assessment questions posed as platform towards collaborative work for students in each group. Their final goal is to produce a presentation of problem solution for the assessment questions. The effects of PBL on aspects of meta-cognition and motivation were explored in this study apart from the performance variable or measures.
The paper describes investigations into integration of PBL with guided questions in the teaching of Educational Statistics for post-graduate students. The outcome variables examined were students' meta-cognitive awareness after undergoing PBL session or instructions, students' motivation towards using the PBL instructions and statistics' performance. The subjects of this study were post-graduate students enrolled in Educational Statistic course in one of the public universities in Malaysia. This group of students were assigned as the PBL group hence were undergoing the PBL mode. During this intervention, students form group of three and undergo cooperative, collaborative activities using the PBL Guided Questions Module. Each module covers one topic in Educational Statistics for example Basics of Inferential Statistical Analysis, Test of Differences between Sample Mean and Population Mean, Test of Differences between Two Means, etc. Each package starts with learning outcomes to be achieved and followed by problem scenario. In processing and understanding the problem scenario, students were given guided questions and to answered in the given order. Students were also given notes highlighting and focusing on the important concepts and the learning outcomes to be achieved. Students were also encouraged to source information on the website and any textbooks suggested for the course. Students were encouraged to answer the questions by using multiple resources prepared and suggested by the instructor. Students were asked to complete the first problem scenario with guided questions before proceeding to the second problem scenario. During this session the instructor act as facilitator providing guidance and monitoring the discussion based on the questions provided in the PBL Guided Questions Module. In addition, they were given the assessment questions and were told to work collaboratively on their own chosen time. The next session then starts with each group representative presenting the solution of the assessment questions. Students understanding and misunderstandings were clarified and concluded during this session.
Findings
The findings of this study were mainly based on the experimental data gathered from the respondents. Table 1 shows descriptive measures of students' level of meta-cognition during statistic problem solving and their motivation towards PBL mode of learning from the pre-intervention and post-intervention session of 31 students of PBL group. Findings revealed that there is significant difference between means of two sets of scores of students' meta-cognitive awareness t[30]= -3.358, p<0.05. Hence, the PBL approach has positive effect on students' metacognitive awareness. In addition, there is also a significant difference between mean of two sets of scores of students' motivation t [30]= 2.484, p<0.05. Hence, the PBL approach has positive effect on students' motivation. 
Students' level of meta-cognition and motivation during Educational Statistics learning

Students' performance measures during Educational Statistics learning
Three performance measures were gathered at Time One (4 weeks of conventional learning), Time Two (five weeks of PBL session) and Time Three (five weeks of PBL session). The mean of students' performance at Time one (mean=70.8065) is less than the mean of Time Two (mean=73.4467) and that at Time Three (mean=76.6129). We hypothesize that there is evidence that the learning intervention significantly affect students' performance during the three different types of learning conditions (conventional learning, first-stage PBL and second-stage PBL)
Using Kolmogorov-Smirnov test for normality, since the significant values are each greater than alpha level, we do not reject null hypothesis. Thus the data does not violate the normality assumption. This also means the data is normally distributed. The Mauchly's test of sphericity indicated the assumption of sphericity is not met, (Chi-Square = 6.969, p = .031 therefore, we conclude that we have not met the assumption of sphericity Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to an identity matrix. The Greenhouse-Geisser adjusted F test is commonly used. The test statistic F equals 3.488 with a corresponding p-value of .047. This analysis indicated that that there is evidence that the learning intervention significantly affect students' performance during the three different types of learning conditions (conventional learning, first-stage PBL and second-stage PBL). Hence finding suggests that PBL with guided questions at the first-stage and second stage enhance students' performance in Educational Statistics.
Tests of Within-Subjects Effects
The following table indicates that there is significant difference between these three sets of performance measures (F[2,28]= 5.571, p<0.05). However, there is significant difference only between mean's test 1 and mean of test 3 ( t [30]= 3.68, p<0.05). Hence, the PBL approach has positive effect on students' statistics performance. The test of normality in table 5 showed, Test 2 and Test 3 were normally distributed.
Relationship between students' meta-cognitive awareness, motivation with statistics total performance
The Pearson correlation coefficient was used to establish relationship between the level of meta-cognition with the total performance of statistics. The total statistics' performance included the scores of test1, test2 and test3. Table 6 indicates that, there is significant relationship between Meta-cognitive awareness with statistics performance (r=0.634, sig=0.043). The results indicate there is no significant relationship between students' motivation with their performance. Table 3 : Correlation between Meta-cognitive awareness, Motivation and statistics performance
Performance, meta-cognition and motivation based on gender
When comparing the performance by gender, it was found that the male respondents (mean = 78.16, SD=14.15) showed similar performance in Educational Statistic as compared to the females (mean = 78.98, SD=7.19). Therefore, there is no significant difference between these two groups, t (29) = .2, p > .05. In addition, there are no significant differences between male and female students in their meta-cognitive awareness during PBL mode of learning, t (29) = 1.185, p > .05 and their motivation towards PBL mode of learning, t (29) = .345, p > .05. 
Discussion
University students often learn mathematics as traditional approaches. This study seeks effectiveness of new teaching approaches on performance, meta-cognitive awareness and motivation of students. On the whole, the study showed that Problem Based Learning approach, as a new approach, has significant different influence on students' meta-cognitive awareness. On the other hand, this approach has significant effectiveness on students' performance.
In addition, as different instruction approach has significant effectiveness on students' motivation. This study has also indicated that relationship between meta-cognitive awareness and students' performance is positive and significant. In addition, this new approach has not effectiveness on students' performance, motivation and metacognition based on their race and their gender. The question here remains that whether these approaches can increase the students' cooperative learning and instructional efficiency or not. This calls for more extensive research to be conducted.
Performance
Meta -cognition Pearson Correlation .634 Sig. (2-tailed) .043 N 31
Motivation Pearson Correlation Sig.
(2-tailed) N .074 .691 31
